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The ability to fabricate 2D atomic-scale devices such as the ‘single-atom
transistor’ [1] and, more recently dopant patch array devices [2] via the
placement of donor dopants such as P and As in single planes of Si(001) has
taken a large step forward, as the possibility of similarly placing acceptor
dopants such as B and Al has been demonstrated. While the direct equivalents of
phosphine and arsine are not stable for Gr. 11 elements, diborane has been used
to create a p-n junction[3], and for applications where few or single dopants may
be required, halide precursors, BCls and AlCls are proving promising[4,5].

In this work, we demonstrate the ability to form bipolar atomic-scale devices
using BCls to place boron and PHs to place P. The process requires a first
patterning step for the boron, following by BCls dosing and incorporation, and
then repassivation of the surface for the second patterning step, followed by PH3
dosing incorporation and finally burial of the device in epitaxial silicon.

A patterned Si sample with defined device areas allows for the rapid relocation
of the device. In order to provide the ability to image the first incorporated
dopants so that the second dopant can be aligned to the first, we have developed
a high-precision dI/dV imaging method [5].

An example of a npn junction device after incorporation of both B and P
dopants, but before burial of the complete device, is shown in Fig. 1. Here, the B
electrode was written first, then the P electrodes were aligned to the B. Note that
the dI/dV imaging method is not only providing contrast between the doped
regions and the background, but also provides contrast between the p-type and n-
type dopants.
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Iglg 1: dI/dV STM image of B and P electrodes forming an npn junction. The
di/dv STM image is collected in conjunction with a normal topographic
image by applying a high-frequency dither to the STM bias, using the same

probe as for the patterning.



